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NATIONAL AIWISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTIAL REPORT

DETERMINATION OF THE EFFECT OF HORIZONTAL-TAIL
FLEXIBILITY ON LONGITUDINAL

CONTROL CHARACTERISTICS
By S. M. Harmon

SUMMARY

An ltersatlon method 1s given for determining the
lonzltudinal control characterlistics of a flexible
horizontal tall. The method permits factors such as the
actual spanwise varlation of elasticlty and the aero-
dynamic induction effects due to three-dimensional flow
to be accounted for to any degree of accuracy approprilate
to a particular case.

: An analyslia 1s included of the effects of horlzontal-
} tall flexiblllty on the tall effectliveness, the hingze-

: moment characteristlcs, and the control-force gradients

i in a dlve nacovery for two modern fighter alrplanes. The
: effects of verlations in speed, altitude, elevator
stiffness, and center-of-gravity movements are considered.
The results of these calculations for speeds below that

_ at which critical compressibllity effects occur indicate

; for the two alrplanes slgnificant effects due to the tall
flexibility. It appears that the location of the flexural
axis of the stabllizer too far behind the aerodynamilc
center of the tall may cause excesslve control forces 1n
a dlve receovery at high speeds.

INTRODUCTION

The design of tall structures for high-speed flight
requlres special conslderation of the factors that
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provide sufficient rigldity in torsion 1in ‘order to
ensure satisfactory control and mesneuverability for the
complete speed range. Reference 1 presents an analytical
treatment of the effect of horizontal-tall flexibllity
on longitudinal control characteristics. The analysls
of reference 1 1s based essentially on the assumption of
a semirigid tail structure having a linear spanwlse
twist distribution and on two-dimenslonal section force
theory. The assumption of a semirigid tall, however,
does not provide for the establishment of the required
equilibrium between the aerodynamic and elastic forces
at every sectlon; consequently there 1s, 1n general, no
assurance of the extent to which the arbltrarily chosen
twist distribution represents the dlstortion of the
actual flexible tail. 1In addition, the low aspect
ratios commonly employed on tails produce sigrificant
induced effocts on the serodynamlc forces. It appesars,
therefore, that more reliable preclctions of the control
characteristics of a flexible tall could be obtained by
taking account of the actual spanwlse variation of
elasticity and of the aerodynamic induction effects.

The present paper presents a method for determining
the control characteristics of a flexlible tuil that
takes account of factors, such as the actual spanwlse
variation of elasticity and the aerodynemlc induced
effects, to a degree of accuracy appropriate to any
particular case. The method 1s based on an iteration
procedure in which the effect of the tall flexlbillty 1s
obtalned by means of a series formed by the additlon of
the incremental effects resulting from each lterutlon.
The rapldity of the convergence of this serles depends on
the degree of rlgidity of the tall, and the increments
for the higher-order iterations can usually be estimated
from a knowledge of the values obtalned from the precedlng
1terations.

In order to 1llustrate the lteration procedure and
to indicate the magnitude of the effects of tall
flexibllity in some tyolcal cases, the present investl-
gation includes an analysis for two modern fighter air-
plenes of the effect of horizontal-tail flexlbility on
the tall efrectliveness, on the hinge-moment charac-
teristics, and on the control-force gracdlents requlred
in recovery from a dive. The results of these compu-
tations are given for sea level and for an altlitude
of 30,000 feet for a speed range corresponding to
Mach numbers ranging from O to 0.72.



L

3 NACA ACR No. ISBOl  @SMESRENSSSS 3
SYMBOLS
M pitchiﬁéQQSQenE contritution of tail about

center of gravity of airplane, positive when
alrplane noses up, foot-pounds; Mach number
when used to account for compressibility
effects .

lg talil length, measured from center of gravity of
alrplane to elastlc axls of tall, feet

e distance from aerodynamic center to flexural

P center at a section for the tall, positlive

: when aerodynamlc center 1s ahead of flexural
center, feet

alr density, slugs per cublc foot

\' true airsvmeed, mlles per hour

q dynamic pressure, pounds per square foot
[(1.467)2 £v2 ]

T total torque of tall, positlive when stablllzer

leadlng edge tends to nose upward (the

derlvatlve %% represents the torque per

unit span at a tall section), foot-pounds

c wing chord, feet
b span (of wing, unless otherwise indicated), feet
S area (of wing unless otherwise indicated), square
feet
H Ee root-mean-square elevator chord, measured behind
: hinge line, feet
L Cw mean aerodynamlic chord of wing, feet
' y coordinate indlcating flxed position along span
from center line
n coordinate indicating variable position along
span from center line

SEm—
L
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aspect ratio

flctitlous aspect ratioc employed in corrections
for compressibility effects (AVl—Ma)

ratio of semiperimeter of ellipse to span of
alrfoll surfsce, primed to indicate fictitious
plan form employed 1n correctlions for
compresslibllity effects

two~dimenslional 1lift-curve slope for tall

section 11ft coefficient for tail; primed to
refer to section 1lift coefficlent of a
filctitious plan form employed in corrections
for compressibility effects

geometric angle of attack of the tall, measured
from zeros-1ift llne at section for assumed
rigid tall

angular deflection of stablilizer due to tail
flexiblllty, positive when leadling edge moves
upward, degrees

geometric angle of attack of tall, measured from
zero-11ift line at section for flexible taill,
degrees (a.tR + 9)

elevator deflectlon at section for assumed rigild
tall, positive when tralling edge moves
downward, degrees

angular deflection of elevator sectlon due to
elevator flexibility, positive when trailing
edge moves downward, degrees

elevetor deflectlon at section in flexible taill,
degrees (g + @ - 08)

change in &i per unlt change in normal

acceleration 1n recovery from dive, degrees
per g
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A%ty

Fn
6atR
ocy
OC1 4
6Ch
éGR o

dcy
90g

S ' 5

change 1n atR per unlt change in normal

acceleration in recovery from dive,
degrees per g '

change 1n elevator control force per unit
change 1n normal acceleratlion, pounds

per g
acceleration of gravity, 32.2 feet per second?

rate of change of sectlon angle of attack with
elevator deflection for constant 11ft at
section for assumed rigid taill

rate of changze of sectlon hinge-moment coef-

f1clent with section 1ift coefficlent for

constant elevator deflectlon for assumed
rigid tall

rate of change of sectlon hinge-moment coef-
iclent with sectlon elevator deflectlon
of assumed riglid tall in degrees for
constant sectlon 1lift

rate of change of section pltching-moment
coefficient with sectlon elevator deflectlon
of assumed riglid tall in degrees for constant
section 1ift

alrplane 1ift coefflclent

three-dimenslonal slope of 1lift curve for
alrplane

rate of change of elevator deflectlon wilth
airplane 1lift coefflclent for trim for
aasumed rigld tall, degrees
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rate of change of downwash angle at tall with
wing angle of attack, degrees per degree

compressibllity correction factor, where

¥ = Mach number
EA + 2
Ewpar + 2

elevetor gearing ratio, as obtalned with no
load on tall, radlans per foot

compressiblllity correction factor

elrplane gross welgnt, pounds

total hinge moment on elevator, positive when
leading edge tends to move upward, foot-
pounds

elevator hinge-momoant coefficlent H
= 2
qcg“be

rate of change of Cp with ©6r as obtained

for given movement of elevator control
sticxk

rate of change of Cp with Atp over tail

pitching-moment coefficient due to tall about
center of gravity of airplane Q"‘l/chw)

rate of change of Cp with bgs, 8as obtalned

for glven movement of elevator control
stick

over tall

rate of change of C, with atR

for glven movement of

rate of change of &
over tall,

elevator contrsl stick with Aty

-3C,, /oa
with Cp constant(—gc—z7—-ﬁ/e;>
R
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ey

h(y)

CrRg (M)

CTRe (M)

gl

Subscripts:

t
w
e
8

R

"total torque transmitted by. the stabilizer

sectlion at station y, foot-pounds

(:ert/z at

total hinge moment transmitted by elevator
section at station y, foot-pounds

bt/Z
s

coeffliclent of torsional rigidity for

stabilizer at station n, equal to ;EQLL,

de /dn
where d6/dn 1s the slope of the 6 curve
at statlion 7, pound-feetl2 per degree

coefflclent of torsionel rigidity for élevator
at statlion 1, equal to é%g%%, where d@/dnm

i3 slove of @ curve at station 1,
pound-feet2 per degree

rate of change of section elevator twist wlith
total hinge moment on a loaded half of
elevator surface as measured in statlec
tests, degrees per foot-pound

tall

wing
elevator
stabllizer

refers to assumed rigid taill

0,1,2;etc. numerical subscripts used to indicate the

order of twist iteration
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PRESENTATION OF METHOD

Development of Formulas

The nitching moment due to the tail about the
center of gravity of an alrvlane, considered positive in
the nose-up condition, is given by the eguatlion

AY

/ lbt/a _
M = _thJ/ CpeCp Gn [ + T (1)
\ -bt/a
/7

where T is the tall »litching moment about the flexural
aexis of the tall, assumed to be poaltive when the
leading edge tends to move upward. In conventlonal
alirnlanes, the value ¢f T wu3uvally increas=zs the
elevator effectiveness nmumerically by about 5 percent,
If the 1lifting-line theory of refsreénce 2 1s folliowed,

the 1ift coefficlent Cl¢ in cquation (1) 1s givan as
a function of the spanwlse coordinate ¥y 1n the form

deci.c A
bt /2 __EE_E
cy,(y) = a lay - (—R 5 - — 21 ] (2)
't OLt 5or /), O pysa ¥ 70
[/ -bg
t

in which, for the flexlble talil,

at=atR+9
5=5R+¢-9

The intezral expressiosn in ejuation (2) represents the
induced downwuash angle. The determination of the 1ift
distribution by means of the 1lifting-line theory for san
arbitrary angle-of-uttack &nd chord cdistributlion has
recelved much attention, and numerous methods
(references 2, %, and l}) are avelluble for obtulning the

solution of equgéion (2) when the functions a; &and &

are glven.

The baslic consicderation in the determination of the
spanwise twist distributions for the stabllizer and
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elevator, 6(y) and @(y), for use in equation (2) is
the establislment, at every sectlon, of equilibrium
between tlie aerodynamic and the-elastlc. forces actlng on
the tall structure. In the present analyslis, 08 and

are determined on the basls of the theory of pure torsion
of tubes (references 5 and 6). Other considerations
relating to the torslonal effects of the axlal stresses
Induced by the restraints to the free warping of the
sectlons of the stablllizer and elevator and to the effects
of the bending of the ribs can be accounted for by
employing the proper perameters and followlng the
procedure of successlive approximations or lterations
described herein under “"Iteration Method."

The aerodynamlc twlisting moment for a symmetrical
airfoll section results from the 1lift distribution
contributed by the angle of attack, which acts at the
serodynamlic center of the sectlon, and the 1lift
distribution contributed by the elevator deflection,
whlch acts at 1ts center of pressure. TIf the sectlon 1s
unsymmetrical, the 1lift distributlon due to camber
contributes a further lncrement to the twisting moment.
On the basis of the foregolng assumpntlons, 1f a
symmetrical sectlion 1s used, the applied twlstling moment
across a section dn of the tall is

) = 5‘5&) %‘cﬂqctz én (3)

In order to obtaln the torslonal rwoment on the
stabllizer, the moment acting about the elevator hinges
should be deducted from the total twlsting moment on the
tall, because the elevator hinge moment is normally
transmltted to the fuselage through the torque tube.

The applled twisting moment across a sectlion dmn of the
stabllizer, therefore, 1ls glven by

dt(n) = 4T(n) - dh(n) ()

where dh(n) 1s the elevator hinge moment at the
sectlon 1 of width dn and

o
dh(n) = @ ) <ach> qce,2 dn (5)
G'Lt 5

R
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The expression for cj, in equations (3) and (5) is
given in equation (2).

The total torque transmltted by a stabilizer

section 'y .is
bt/2
t(y) = Jr %ﬁdn (6)
v

Division of equation (L) by dn and substitution of the
value obtained for dt/dn in equation (6) glves

bt/2 /., N :
t(y) = f (g—g - g—g)an (7)
Yy

where %I (n) and %E (n) are glven in equations (%)
1| n

and (5), respectively. Similarly, the total elevator
hinge moment transmitted by a sectilon y 1is

bt/Z
n(y) =/ ah g (8)
y

If the boundary condition that the twlist is zero at
the root is assumed, the angles of twist for the
stablilizer and elevator can be expressed in the form

y

p(y) = /g%dn (9)
0

#(y) = /ng;’dn (10)
[ an

The torsional-rigldlty coefficlents for the
stabllizer and elevator, resvectively, are defined as



NACA ACR No. L5BO1 JENRERENNY 11

_ t(n)
CTRs(n). dﬂ_/d'n

- B(n)
CTRe(n) ad/ar

where t(n) and h(n) refer to the total torque
‘transmitted by a sectlon t. Substitution for d8/dn
and - dg/dn 1in equations (9) and (10) results in

y
= t(n)
8 (y) [o_CTRs(n)dn (11)
— Y h(n) |
g(y) = A/c;——-——cl e(n)dn (12)

where t(n) and h(n), corresponding to t(y) and h(y),
are given by equations (7) and (8), respectively.

Equations (2), (7), (8), (11), and (12) express,
within the limltations of the theory lnvolved, the
equllibrium concéltlions at each section between the aero-
dynamic and elactlc torgues. iwhen the aerodynamlc,
geometrlc, and structural parasmeters expressed 1n these
equatlions have been determined, the three unknown
variables 0, @, and ¢y, remain. The simultanéous

integral equatlons resulting from the required equilibrium
! conditlion generally involve complicated functions for the
three unknown variables. 1In practical cases, however, 1t
has been found convenlent to determlne the characteristics
of the flexlible tall by working wlth the integral
equations through a procedure of successlve approximations
based on an lteratlion procedure.

:
!

_ Iteration Method

The flrst approxlmation to the tail conflguration
1s taken as the one corresponding to an assumed rigid
tall; that 1s, © .and & are both zero, and the elevator
deflectlon & and geometric angle of attack of the tall ay
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at each sectlon are equal, respectively, to 6r and atR.
Corresponding values of clto(Y) ere then determined
from equation (2). Substitution of these values of c;to(y)

in equations (3) and (5) gives %I(n) and gE(n), and
T n

the functions tg(y), hgl(y), 81(y), and g1(y) can be

determined, respectively, from ejuations (7), (8), (11),
and (12). Tne values thus determined for 637 and @

can then be emnloyed 1n turn to determine, successively,
new lncrements 1n the Cigs 6, and ﬁ distributlions.

The series resulting from the addition of the successlve
increments permlt the determlination of the control cherac-
terictics for the flexible tall.

The general procedure for cdetermining ths elsvatcr
effectiveness cf the flexlible tall 1s as follows: Assume,
as a first anproxi:iiation, that the geometric angle of
attaeck ai(y) 1s equal to zero and the elevator

deflection &(y) 1s equal to ©6r. Compute czto(y)
from equation (2). Obtain values for d&T/dn and d&h/dn

at several spanwlse stations from eguations (3) and (5),
respectively, with &(y) = 6g and c;t(y) = clto(y)'

Integrate equations (7) and (8) to obtaln, respectively,
to(y) &and hgo(y). <Substitute the values of tg(y) and
hg(y) corresvonding to to(n) and hp(n) into
equations (11) and (12), respectively, and obtaln €;(y)
and @1(y) as a first approximation to the twist

distributions. For the second iteratlion (first twist
iteration), assume that &(y) = @1(y) - e;(y) and

that at(y) = 87(y) eand compute the corresponding cztl

distribution from equation (2). The substitutions and
integrations in equations (3), (5), (7), (&), (11),
and (12) with & = @; - 81 and c34 = g, in the

manner described for the prevlious lteration then provide
the second twist increments 02(y) and @o(y). For the
next lteration, assume ©&6(y) = €o(y) - 62(y) &and

at(y) = 62(y) end obtain,as described previously, the
third twist increments, 6z(y) and @3(y). This

iteratlon procedure 1s continued untll the increments
for c3;, 6, eand @ Dbecome negligible.
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The foregolng procedure for obtalning the dlstri-

. butions...ciy, 6, and ﬂ _is §umquized in the following
table, which gives the varliasbles employed in each '
i1teration:

Order of twlst
teration| O 1l 2 3
Varleble
0 0 9]_ 92 93
g 0 g1 22 g3
at 0 81 02 03
8 or |(P1 - 01) |(2 - 02) | (¥5 - 63)
Clg Cltg Cltq Clgp clt3

In applications of the method of lteratlion, it will
be found that in many cases varlous approxlmations mey be
emnloyed qulte udvantageously. Thus, for the first and
second lterations, the equlvalent geometrlic angle-of-
attack distrlibution can often be approximuated by uniform
and linear dlstributions, respectively, so that the
¢l Cistributlion muy be obtained directly from the data

of reference 7, which gilves results for a wlde range of
taper ratios including the low aspect ratios commonly
employed on talls. TIn other cases, an anproximatlion to the
clt distribution can be obtained rapidly by the method

given in reference 8,

The fact that the method of iteration 1s based on a
procedure 1n which the twlst obtalned from each iteration
1s used to lniltlate the torque and the twlist of the
succeeding iteration permits, 1in many cuses, a rapld
estimation of the twist distributions for the higher-
order lteratlons. Thus, lnasmuch as the twlst for a glven
torque distribution 1s dlrectly proportional to the
magnitude of the torque, 1t follows that the propor-
tionality of the twists obtalned at a sectlon in succeeding
iterations will depend on the simllarity for the two
lterations of the distributions of torque. (See equa-
tions (11) and (12).) Because the shapes of the torgue
and hinge-moment distributions +t(y) and h(y)

(equations (7) and (B8)) for a particular tail are

usually not very sensltlive to the spanwlse variations
of 8 and @, the shapes of the twist distributions
tend to resemble the corresponding twist distributions

]
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that initiated them. In these cases, therefore, the
twist dlstributions for a higher-order lteration may be
estimated from & knowledge of the values obtained in the
preceding iteration by taking the ratio of the twists
for two consecutive lterations at any suitable reference
station. The twist 6 at any statlon for the iteration
of order n 1s then given by

0n-
On(y) = ﬁ;ﬂ_ll_
On-2
reference station

A simlilar procedure may be followed to estimate the
increments in ‘¢ and Cly for the higher-order

iteratioas.

The foregolng iteration procedure leads to series of
the form

Ciy ~ czto + cztl + cztz + thB + ..
g = 90 + 91 + 92 + 93 + . .

From the formulas derived in the precedlng section, the
quantities Cltqs 81, and @3 will be noted to contain

the dynamic pressure q as a factor; cjg,, 82, and ¢o,

which are dependent on the corresponding values obtained
in the preceding iteration, contain q2; and so on. The
1ift coefficlent and twist at a section may each be
represented, therefore, by a power series in q. The
coefficients of these serles, which depend on the various
aerodynamic, geometric, and structural parameters, in
goeneral vary with speed because of modiflcations in the
aerodynamlc characteristics of the tall introduced
principally through the effects of compresslibility.

By the appllcation of these 1teratlion procedures,
the elevator contribution to the pitching moment about
the alrplane center of gravity is obtalned from
equation (1) as follows:
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by/2 "
5 ._z{;ql;b/z @zﬁd* ol . Opggte-e .) oy dy (To-:"--Tl +Th . o ) - (13)

where the numerical subscripts refer to the order of the
twist iteration and Tn = 2[tn(0) + hu(0)]. (See
equations (7) and (8).) Equation (13) may be written

M =Mg +N7 +Mp + . .. (1)

The elevator reversal speed is obtalned from the
value of the dynamlc pressure q that makes the right-
hand side of equation (1l) equal to zero.

In a similar manner, the elevator hinge moment for
the flexible tall may be obtained as

where Hp = 2hp(0).

An 1teratlon procedure simllar to that described for
the elevator effectlveness may be followed to determine
the effect of angle of attack of the tall and expressilons
for M and H similar in form to equations (1l)
and (15) will be obtained.

The tendency noted previously with regard to the
similarity in the respective distributions for 6, g,
and cj3y for the higher-order iteratlions will lead in

many cases to considerable simplification in the
l1teration procedure for determining the effect of tall
flexibllity on the pitching moment M and the hinge
moment H. The increments in M and H for the higher-
order lterations can therefore be obtalned 1n these

cases by means of the following relationshlips:

_ Mp_12
Mn = 5 (16)
H.,_12
By = —=i (17)
Hn-2
L -]
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The forces and resulting twists on the tail structure
are directly provortional to the tall angle of attack end
the elevator deflectlon corresponding to the values that
would be obtalined iIn an assumed rigild structure or
to atp and b8y, respectively. (See table III.) The

differentiation of eyuations (1ll}) and (15) with respect
to Aty and O6r and conversion to the nondimensional

form gives, therefore, for the flexlble tall the parameters
d .

bcm, 6cm ’ Ch: and 6Cn

08r’ 2oyy 36y dagy

Corrections for Compressibllity

Inasmuch as the aerodynamic charterlistlics of the
tall are affected to an important extent by compressi-
bility, the effects of compressibility must be considered
In predictions for the control characteristics of the
tall. In the absence of exwerimental data, the following
corrections for compressibllity, based on the theory of
small perturbations, which 1s discussed 1n more detall
in reference 9, are summarized for the parameters
involved in the vresent analysis. These corrections may
be applied at speeds below that at which the critical
comoressibllity effects occur or up to a Mach number of
approximately 0.60 1n conventional airplanes.

The span-1oad dlistributlon In a compressible flow
should be computed on the basls of a fictltlous aspect
ratio equal to the true aspect ratio, reduced by the

factor Vl - M2, and the resulting values of Clg
obtalned for tils reduced fictltious asvect ratio should

be multiplied by 1/V1 - Mé. Thus, if the primes denote
vaelues obtalned for the fictlitlous alrplane,

Ag! =a\1 - M2

and
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bch
The values for the parameters and | ——
AP 5R ey

as obtained from 1ow-speed data ‘'should b6 multiplied by

the factor 1/‘E - M2,

The slope of the lift-coefflcient curve ln three-
dlmensional lncompressible flow 1s corrected for
compressibllity by multiplying it by the factor

EAt+2
_E'At' + 2

in which the symbols E and E' represent the potential-
Flow correction for chord effect in lncompressible and
compressible flow, respectively. Thls correctlon applles
speclifically to ellliptical plan forms but 1ls approximately
correct for other plan forms. In incompressible flow,

E 1s the ratim of the semlperimeter of the ellipse to

the span of the airfoll, as indicated in reference 10. In
compreasible flow, the ratio E! 1s that for the
fictitlous elliptical tall of span bt and aspect

ratio Ag!'.
The derivative de¢/day for comvressible flow is
computed on the basis of a fletltious tall length equal

to the true tall length increased by the factor 1/ 1 - M2,
and the flctitlous aspsect ratlins for the wing and tail
equal to the true aspect ratlos reduced by the factor

APPLICATION OF METHOD

Data for Calculatlions

e LT S

Calculations  were made by -the foregolng procedure
of iterations for the effect of tall flexlbllity on the
» longltudinal control characterlistics for two madern
fighter alrplanes deslgnated alrplanes A &and B in
order to 1llustrate the method and to obtaln quantitative
results for some typlcal. cases. The computations were
made, for both alrplanes, of the tail effectiveness, the
hinge-mcment characteristics,-and the control-force
gradients required-in recovery from.dives at sea level
and at an altitude of 30,000 feet.
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Figures 1 and 2 show the plan forms and dimensilons
of the horizontal tails for airplenes A .and B,
respectively. These figures also give the location of
the flexural axls as determlined from stablllzer torsional-
rigidlity tests made 1n connectflon wlth the present
investigation. The torsional-rigidity tests for alr-
plane A were made by the Langley Flight Research Dlvision
and for alrplane B by the Lanzley alrcrart Loeds Dlvision.
Both the stabillzer ard the elevator for alrplane A are
metal covered, whereas alrplane B nas s metal-covered
stabllizer and & fabric-covered elevator.

The aerodjynemlc parameters for the two alrplsnses
were based on lcw-s)eed data corrected for compressibllity
effects, essenuiell;y &8s describsd osrevioucly. Uhe Ddacsle
data employed in txne caleculations, the source Irom which
these data werne otitalned, and the compre:sfhility
corrections apnlied tro zlven _n tavles I &nd II. Average
values along tlc snan were assured Jor tane pusansters

. C
( ) (a H) , which were obtaired on the

6r

basis of estimetes for oCp/26gp &nd éch/batR from

low-speed flight data. 1In the comdoutatlons, the aero-
dynamlic centers of the tall sections were assured to be at

the quarter-chord noints of the sections.

The tall-stiffness data for the calculations were
obtained from flexibility tests made on the stavllizer
and elevator of the full-size alrplanes. 1In order to
clarify the relationship of the flexlibllity-test results
to actual flight conditlons, the procedure for the
determination of the stiffness data 1s descrlibed herein
in some detall. The stabllizer tests were made by
applying a concentrated torsional couple at a section
near one tlp of the stablillzer and measuring the
torsional deflectlons at several stations along the span
wlth reference to a station on the unloaded hLalf of the
stabllizer. The elevator-flexibllity teats were made by
lcading bags contalning le¢ad shot or sand on one-half of
the clevator along a lins one-third of the chord bshind
the hinge with the clevator locked in posltlion. The
spanwlse loadlng on the slevator surface correaponded
approximately to & uniform distribution. The deflectlions
of the elevator on the loaded side were measured at
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several stations with respect to a reference station
taken on the unloaded half of the elevator.

‘Tests were also performed-on one-rib of- -the . ... -.. .
elevator of alrplane B at a station about L.5 feet from
the fuselage center line to obtaln the effect on the
distortion along the chord of a chordwlse loadlng that
simulated a trliangular dlstribution more closely than
the one just described (load concentrated at one-third
of chord behind hinge). In these tests, measurements were
taken of the deflectlons at very amall intervals along
the chord (5 dlal gagea for an ll-inch chord). The
results lndicated that with both types of loading the
distortions along the chord were equal and that the
deflections along the chord .followed a straight line.

It was assumed, therefore, that the measured angular
deflection due to the elevator flexlbllity could be
consldered as an equlvalent change 1in elevator deflection
with no change 1n the camber of the elevator surface.

The tall-stlffness data for airplane A are shown in
figure 3, The results for the stabillzer given 1n this
figure are based on a concentrated torque of 833 foot-
pounds applied to the right half of the steablllzer at =
station 6.50 feet from the fuselage center line, and the
data for the elevator are based on a total hinge moment
of 83.3 foot-vounds distributed on the right half of the
elevator in the manner described prevliously.

The tall-stiffness data for alrplane B are shown 1ln
figure l;. The results for the stabilizer given in this
figure are based on a concentrated torque of 500 foot-
pounds appllied to the left half of the stabllizer at a
station 5.92 feet from the fuselage center line, and the
elevator data in figure l are based on a total hinge
moment of 60 foot-pounds distributed on the right half
of the elevator ln the manner described previously.

Procedure for Calculations

With the ald of the foregolng data, the spanwlse
distributions for ciy, O, and @ were determined for

» several lterations. The Gl distributions were obtalned

by the usual methods based on 1lifting-line theory. 1In
the computations, the stablllzers for the two ailrplanes
were assumed to act in torslion similarly to tubes so that
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the distributions of stabilizer twist resulting from the
aerodynamic forces were calculated by means of

equations (7) and (11l) by use of the stabllizer torsional-
rigidity coefficlents shown in figures 3 and L. Because
the results of the elevator-flexiblility tests for both
alrplanes indicated the probabllity that the static loads
on the elevator did not act in pure torsion (see figs. 3
and l} for d4d@/dH near root and tip sections), 1t was
believed practical in the present investigation to modify
the method described previously for determining &. The
twist distributions due to elevator flexlbllity were
obtained, therefore, by multiplyling the total hinge
moment actling on each half of the elevator by the rigidity

factors gg(y) shown in figures 3 and lj. This method

for determining the elevator twist is strictly correct
only if the loading on the elevator surface 1n the static
tests simulated the loading in flight. For the present
Investigation, however, the error from thls source is not
expected to be important. Some computations with

" different assumed elevator flexibllltles, which are
dliscussed in the sectlon entitled "Results and Discussion",
indicate that the calculated results are not sensitive

to reasonable variations 1n the elevator flexibility.

The increments for cj., 8, and g that were

obtalned In the various 1iterations were used to compute
the pitching moment about the airplane center of

gravity M by means of equations (13) and (1ll) and to
compute the elevator hinge moment H by means of the
corresponding equation (15). The results for M and H
were then converted into the nondimensicnal form as the
derivatives OCm/datp, OCp/d6R; &Cp/daty, and OCh/6yR.

The detalls of the computatlons for determining bcm/éﬁR

and &Cp/d6r for alrplane B for a Mach number
of 0.50 at sea level are shown in table III.

The change in control force per unit change in
normal acceleratlion in recovery from a dive was computed
- by means of the following formula:

C\:Ch d3Chp -2
Fp, = | —Abpg + Aa KaQCe“b 18
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where A8R and Adtp refer to the changes in #R

and 'ﬁtR per unit change in normal acceleration in terms
of g and where Kg 4is the elevator gearing ratio. 1In
equation (18) :

. de

AB 1 w 6cIflIlR d5R> 1- -&B: bcm 601'1'1R>
R == - -
1] 30w | 3% \dCr/; a dag,  O0tp
c\.bR
g
+ 28.6thg<ga;{'> (19)
Cm

and

= 1w (; . 8=
Aay = q[Saé d%) + 28.67,1-,93] (20)

In equation (19) the two terms on the right-hand side
enclosed in the brackets represent the part of A8y
required to trim the alrnlane, and the third term
represents the part of ASR requlred to balance the
effects of rotation of the tall during the steady phase
of the pitching motion. In these equatﬁg s, OChL/d6R,
6Ch/batR, dCn/d6R, OCm/datg, and ba;§> are the
R

values for the flexlble tall obtalned by the iteratlion
procedure. If values for these parameters for the
assumed rigid tall are used in equations (18), (19),
and (20), the control-force gradlent for the rigild
tall Fng is obtained. The values for the deriva-

as
tive (}:ﬁ> for airplanes A and B were based on
acy, R

Or

mately 200 miles per hour. A value of T
R

flight results at an indicated alrspeed od approxi-
3G equal
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to -3.20 was obtalned for alrplane A based on a center-
of-gravity location of 28 percent of ‘the mean aserodynamic
chord; whereas a value of -3.26 was obtained for air-
plane B based on & center-of-gravity location of

29.5 percent of the mean aerodynamic chord. The effect
on Fn and Fpg of movements of the alrplane center of

gravity was investigated by assuming different values

ad
fOI‘ dC—R .
L/r
The variatlon of é%% with speed as determined by
v

means of the thecretlcal compressibillity corrections
noted previously, 1n conjunctlon with the design charts
of reference 1ll, indlcated a negllizlble change 1n this
varameter up to & Mach number of 0.60. It was therefore
conslidered sufficlently accurate in the present compu-
tations to asggmg constant values for de¢/day. The
values for i , however, were corrected for compressi-

3oL/, .
bility effects by multiolying the low-speed value by the
factor 1/B corresoonding to an average between the wing
end tail.

RESULTS AND DISCUSSION

The results of the calculations are presented in
table ITI and 1in figures 5 to 9. Table ITI shows the
results obtalined for the varlous lterations In
determining 0oCp/d6g &nd OCn/08g for airplane B at a

Mach number of 0.60 at sea level. Figure 5 shows the
spanwlse variation of tall angle of attack cg and
elsvator deflectlon & resulting from un uarpllication of
the elevator control equlvelent to unit deflectlion for
the assumed rigid tall, as cbtalned from tuble IXII.
Figures 6 to 9 show the effects of horilzontal-tall
flexibility on the longitudinal control characterlstics
for airplanes A and B for a range of true alrsnseds

from O to 550 mlles per hour at sea level and from O

to }90 miles per hour at an altitude of 30,000 feet.
Thls range of true alrsveed corresponds to a Mach number
range from 0 to 0.72. The speed for each altitude
corresponding to a Mach number of 0.60, which represents
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the limit for which the theoretical compressibllity
-.corrections employed 1ln the present computations are
believed to be reliable, 13 indlcated on figures-6 to.9.
The results for the Mach numbers higher than 0.60 are
included in the figures in order to glve an indication
of the trend of the flexiblllty effects. The results of
the computations for a Mach number of 0.60 at sea level
are summarilized for both alrplanes 1n table IV,

Table ITI indlcates that the convergence of the
lteration orccedure is very rapid. Thlis convergence, as
indicated for oOCp/d8gr and dCh/d6r for airplane B,

1s typlcal for the other paraemeters ln the flexible tall
for both alrplanes. Thus, 1f the contribution obtained
for each successlive iteration 1s expressed as.a ratio of
that obtalned for the zeroth-order twlst lteration,

dCp/BR ] ;
8Cng/06r T 001 +0.0727 - 0.0167 +0.0038L = 0.759

S(21)
dCp/d65
Son/mon = 1 0.2L1 +0.0557 - 0.0131 +0.00306 = 0.805

The subsequent comparison illustraetes the number of
twlst l1terations required by the regular procedure of
iteration ln order to detemalne the longltudinal control
characteristics for a flexible tull. The results obtalined
from table ITII as given by equations (21), which utilized
three regular twlst iterations, wlll be compared with
results obtalned by the use of one and two regular twist
lterations, respectively, 1n conjunction with the
relationships glven by equations (16) and (17) for
estimating ¥, and Hp for the twlist iteratlons of

higher order than one and two, respectively. Thus, by
use of one regular twlst i1teration, :

dCn/d8g
————— = 1-0.301+0.0905 -0.0272 +0,0081% = 0.771
dCmp/d 6R

>(22)
6Ch/66R
T = 1 -0.? 1 .0 - . . = .
50n/50m 241 +0.0581 - 0.0140 +0.00338 = 0 806‘
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By use of two regular twist lterations,

3Cm[35R
~—~————=1-0.301+0.0727 -~ 0.0176 + 0.00425 = 0.759 -

> (23)
8Cp/d 8
—t———=1-0.241 +0.0557 - 0.0129 + 0.00300 = 0.805
GChR/bﬁR J

The comparison of the results shown in equations (22)
with those given by equations (21) 1ndicates that the use
of one regular twlst lteratlion ln conjunctlon with the
simple relationshins given by equations (16) and (17) is
sufficient to deternlne the effect of tall flexlbility

to an accuracy of tne order of 1 nvercent.

Figures 6 and 7 show for alrplanes A ané B,
respectively, the ratio of the tall effectliveness and
hinge-moment parameters as obtalned *n ths ectual flexible
tall to those obtalned for the assumed rigldc tall. These
flgures indicate, for the complete range nf alrspeeds for
both airplanes, that the parameters ¢&Cw/Obg, bcm/éatR,

dCh/28r, and bchfbatR are reduced nurerically because

05
of the tall flexibility and that the parameters (a B )
a'tR
éch/éﬁR Cm
and —- = are increased numerlcaily beceuse of this
8 /3 8x

factor. The numerical reduction 1n 6Cm/663 caused by
tail flexibillty is due to the fact that the center of
pressure of the 11ft resulting from the elevator
"deflection is behind the flexural axis (see figs. 1 and 2
for flexural-axls locations) and the resulting torslonsal
moment twlsts the stablllzer 1n a manner that reduces

the tall 1ift. The numerical reduction in 6Cm/66R is

also due to the negative value of 6Ch/563, which causes

the elevator to twist and thus to reduce the elsvator
deflection.
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The numerical reduction in _6Cm/6atR due to tail
~flexibllity resulted because the location of the flexural

Enane-T 0

axis of the stabilizer 1s ahead o6f 'thé @asrodynamie-center
and because the value of OCp/Oatyp’ 1s negative, The

. respective numerical reduction in the values for oCh/06R
and. éch/BatR_ due to the tall flexibility resulted

principally from the fact that each of these parameters
for the rigid tall 1s negative and the elevator twist
therefore numerically reduces the ‘hinge moment in each
case. The forward pnositlon of the stabillzer flexural
axis relative to the center of pressure of the 1lift
contributeéd by the elevator tended, however, to ilncrease
numerically the value of OCh/08g due to the stabllizer

twlist (8 1s increased by -6); similarly, the location
of the flexural axis of the stabllizer ahead of 1its
aerodynamlic center tended to increase numerically the
value for oCh/datp.

Figures 6 and 7 indlcate that, in seneral, the
effects of tall flexibllity vary with speed and altitude
approximately as the dynamic pressure - modifled, of
course, by the relative compresslibllity effects. This
variation with speed and altitude results from the ravid
convergence of the power series in gq, which causes the
terms In q of higher order than unlty to be compara-
tlively small. In some cases, however, at very high

oag
R
——— 8N4 F P

respectively), the effects of the terms in q of higher
power than unity become comparatively significant.

speeds (see figs. 7(b) ‘and 8, for

Computatlons were made to estimate the effect on the
parameters shown in flgures 6 and 7 of increasing the
elevator stiffness at each section by 12.5 percent of the -
average elevator stiffness., The results of these
computations indlcated that, for a Mach number of 0.60
at sea level, the ratios of the parameters OCm/08gR,

dCh/d8R, &and OCh/datp to the corresponding ratios for

the assumed rigid tall would be increased ln the order
of 2.5 percent as compared with those shown in figures 6
and 7, and the corresponding ratio for 6Gm/5atR would

be lncreased by less than 1 percent; whereas, at
30,000 feet for the same Mach number, the effect of the
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inoreased elevator atiffness would be about 0.0 of the
corresponding foregoing effects 1ndicated at sea level.

It can be noted from figures 6 snd 7 that, provided
crltlical compressibllity effects do not appear, elevator
reversal for both airplanes A and B does nct occur up to
a speed corresponding to a Mach number of 0.72.

Figures G and 9 rresent a comnarison of the control-
force gradients 1n recovery from dives as obtained for
the actual flexlble tell and assumed rigid tall. It
should be noted 1n these figures that the requlred motions
of the elevator control stick »ner unit g are not
necossarily equal for the flexihle and assumed rigid
talls, Figure 8 gives the results for alrplane A at sea
level and at an altitude of 30,000 foet. Thls figure

shows the variation with airspeed of F, and ths

ab
ratlo En/EnR for values of EEE in incompressible

R

flow of =3,2 and -1,50. Thesz velues of -3.2 and -1,60
corresrond, rospactlvely, to ccuter-of-gravity locatlons
at 28 perecnt and approximatoly 31 norcent ¢f the mean
aerodynamic chord. Filgure 8 shows that flexibility of
tke tall incresases the control-force graldilent and that
thls incrsase for a Mach numbar of 0.60 amovnts to

12 nercent at s2a& leovel and %.,5 percent at %0,900 fset
altitude. Thls flgure alaso shnws thut a rsarward movement
of the canter of gravity of approxinutely 2 percent of
the reen aerodynemic chord caus2s g small reduction 1in
the ratio Fn Fage The rasults Tor the alrplane B at

8
3en level and at sltitude for vuluss of (ga— in
. L
R

incompressitle flow of -3.26 and -6£.00 are presontad in
figure 9. These values of =3.26 and -6,00 correspond,
resvectlively, to conter-of-gravity locetions at 29.5 percent
and erwroximately 25 percent of +tho mean aerodynamic
chord., Tho flgure shows, or sirplane B for a range of
alrapeeds at the altitudes conslicered, a small incroease
in the control-force gradient due to taill flexibllity, or
approximately one-half of that indicated in figure 8 for
alrplane A. Flgure 9 also shows that & forward movement
of the center of gravity of aspproximately ;.5 percent of
the mean asrodynamlc chord causes a umall increase in the
retio Fh/?nn.
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.. _An exemination of equations (18), (19), and (20)
indicateés that “the "control-force gradient.in a dive
recovery may be 1nf1uencg%h;85an important extent by. the

R .
aerodynemic paremeters 56./565" dCp/daty, and dCm/agy.

The results of the present analysis show for both alr-
planes A end B that the first two of these paremeters are
affected by tall flexibllity l1n a manner to lncrease Fp;

whereas OCm/datp 1s affected by this factor in a manner

to reduce PFp. As noted previously, the numerical reduction
in OCm/datgp obteined in the present computations for

alrplanes A and B is caused principally by the location
of the flexural axis of the stablllizer ahead of 1ts
aerodynamic center and by the negative value

of 0oCh/datg. In order to obtain an indication of the

importance of the change in dCp/datp due to tall

flexibllity for the control-force gradient in a dive
recovery, comnutations weré made for the two alrplanes in

o)
which 1t was assumed that OCm = GmR

Satg " datp
‘equlvalent in the present case to a rearward movement of
the flexural axls back to the aerodynamic center. These
computations indicated, for a Mach number of 0.60 at sea
level, that in the case of airplane A the ratio Fn/FnR

would be increased from 1.12 to 1.26, and in the case of
alrplane B this ratlio would be increased from 1.03%

to 1.075. On the basls of the present analysis 1t appears,
therefore, that the locatlon of the flexural axls of the
stablllzer too far behind the aerodynamlc center of the
tall, could cause excessive control forces in a dive
recovery at high speeds.

s, which 1s roughly

CONCLUSIONS

An iteration method for determining the effect of
tall flexiblility on the longitudinal control charac-
teristics of alrplanes was applied to two modern fighter
alrplanes and was found to provide a practical procedure
for the determination of these effects.
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The results of calculations to determine the effect
of tail flexlibility on the longitudinal control charac-
teristica for two fighter airplanes ludicate that the
longitudlinal control characteristiics are affected to a
glgnificant extent at high steeds by this factor. The
follovwinz cornclusions epply tc results for thess alrvlanes
at soceds welow that at which critical coapressibility )
effects occur:

1. Tho magnitude of the tall-flexibllity effects,
in general, varisd anproximately ss the dynumic pressure -
modified, of course, by thé relative compressibllity
effacts. In some casses at very high speeds, however,
the elfects of the terms containing the dynamlc pressure
of powers greater than unity became comvaratively
significant. '

2. Tail flexipnility wus JTound to reduce significantly
the ratea of change of pltchinz monant and hinge moment
wlth elevator deflectlicn and tail anzle of attack,

3. The control-force gradisnts in a dive recovery
wele lnecrezsed bacause of tall Ilexibdility.

L. Rearward moveuents of %he airnlane center of
gravity tended to decresse Lbhe erlects of the tall
flexihility con the control-fercs gradient; whereas
forvard movements of the alirplane centor of gravity
tended to 1necrease the magnitude of these effects.

5. The locatica of the flsxursasl axis of the
stgkblllzer relative to the aerodynamlc center of the
tail is an Importunt design consléeration with regard
to the magnitude of the .tall-flexibility c¢iffects. The
location of the rlexursal axis of ths stabllizer too far
behind the aserodyramlc canter could caussd excessive
control feorces 1In e dive racovsry at high spzeds.

Langley Memorial Acronautlcal Ladoratbory
Netional Ldvisory Committss Tor Asronautlcs
Langlay Fisld, Va.
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TABLE I
DATA FOR CALCULATIONS - PHYSICAL AND GEOMETRIC CEHARACTERISTICS
[mtl Turnished by -lnur-otur.a

Mean.
Root mean
R - . oro- Tall
Weight, ::-:f Wing ;y::nic :;ﬂ f;::':“" chord or | Jenguw Ky
Atrplace Yoy |8 | aspeoC{ chora or 3 be eleyator, | "0 | (radtan/rt)
ratio T
(10) | (eq 1t) wing, cw | (aq rt) | (s £%) . (re)
(rt) {re)
12,000 300 5.55 7.28 55 16 1.19 21. 0.66
7,660 236 5.815 6.6 41.1 13.2 1.01 15.5 57
TABLE II
DATA FOR CALCULATIONS - AERODYNAMIC PARAMETERS
Value 1in
Parameter 1ncomg{_;:uible Source of data Sg:;:::i?giig:’
Altplane A
(“m/“ﬂ)e,,t %.0.0086 Reference 12 Kultiply by —
1-pd
a, 0.095 . Assumed Do.
dcp, /28 -0.00686 Unpublished data based on Do.
(oen/ R>°l: 3Cp/dat, = -0.00218 snd
@ch/bcz”)on -0.0352 aCy, /88y = -0.00804 None
(batn/daR) 8.0.66 Refsrence 12 None
dc/da.' 0.50 Reference 11 Assumed constant
0.077 Reference 7 Multiply by B
N . Based on unpublished data Multiply by 1/B;
(duﬂ/ch/R 3.2 for c.g. at 28 percent K.A.C. average for wing and .all
Alrplane B
den/d b_o. Nultiply b 2
( °m/ °R)c,'t 0.0091 Reference 12 ply by m
a, 0.095% Assumed . Do.
(bch/bcg')c -0.00605 . Estimated from unpublished : Do.
12 flight data bused on
bch/bugﬂ = -0.000511 and
<éch/6c7't)bk -0.00825 30y /o8 = -0.00635 None
(éuf'R/bbR)cl b_o.59 ’ Reference 12 None
t
de/dg, 0.50 Refersnce 11 Assumed constant
a 0.077 Reference 7 Multiply by B
Eatimated from unpubliahed Multiply by 1/B;
aog /dc -3.26 flight data for c.g. At ultiply oy 4
. ( R/ L)g < 29.5 percent K.A.G- average for wing snd tail

8Value given Ls for m aection at 4.5 ft. from fuselage center line; appropriate yalues wers ussd for other

sections.

bAVerage conatant values were used.

NATIONAL AINISORY
COMMITTEE FOR AERONAUTICS
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¢, 3¢ b4
.- 570 AND OF ATRPLANE B AT A KACH NUMEER OF 0.60 AT SEA LEVEL
TABLE TIT.- GOMPUTATIONS FOR 5% 5_5_?1 50 L=
R R Q
li:ompreulbllity effscts have been accounted for in all aerodynamlc parameters; E >
: > ST, 2
q = 53k.6; (:—:ﬂ> = -0.011k; (%:) = -0.00756; (ac_h) = -0.00825} : aQ
R LI ! clt 1 5s 0
=
a ¢y e 2 ar . dh From table T, (o]
® 1 qade) (bag:& (:: (:; e ? | & E | 6 h(0) 21; | 3y =155 8, 5 = 236 0q I, o = 6.6l £t .
Tiatarce eqoizn 2% Y [ (ea 3 118 1eq. (500 |tea. (7)) 5§ (oa. (120 (ea. (8)) (r1g.h) n(OYzg | (18- T, = 1.01 ft, b, = 13.2 ft -
from 5] o
ce;::: Zeroth order of twist iteration g
(rt) by
ity o o | ato/an 2 | dbp/dn Lo e o, h,(0) o 2, e ‘ S
5 ay T il 5 Ce 5 8 s 5, % an [ et -o-: = Tn— f; cfbtoctdn + aa—R [to(o) + ho(oil
0.3 5 0 0.0h25 [0.026{16.6 | -91.36 | 1.8 -7.9 -395,2 | o |0 -29.51 | C0.0063L| -0.1871 | L.08 ’ - o -1b
3.3 R T I -32. 5. IR -ZZE% 3305 |21200| 200791 120700 -.2066 | 3.81 15,660 rt
2.50 .0}55 1..010/12.0 | ~76.06 {1.37 -E. le | «231.2 10200 -.03229 008351 -.2L6) 347 Hy _ 2hy(0) )
3.75 L0450 |-.036 9.72 -67.74 [ 1.00 | -L.2h1' | -1L7,6 | 5560 -.06362 .01110 -Eﬁg 3.12 T = —f— = -59.03 Tt-1b
5.00 ! .0L09 1-.088| 7.55] -57.31 ] .765] ~-3.251 -7h.17] 2960 -.o96ha L1519]  -.Ql63 | 2,75 R R )
5.83 | L0342 }-.116) 6.351 -82,17 | .62 | -2.538 -31,011 16890{ -.1153 o1hs0f  -.Lh273 | 2.5
6.60 v - 07| =%---- o | ---=- G EE -.12329 | | e-emeia| eemeees 0
First order of twiat iterstion
T by
g-91 & Y 1 e | o2 | 87y/dn 2 | dny/an t ¢rm.| & n, (0) ag % . -
& | % T 8 | e o, & s| B b an 5 et a“ 6;‘1 /’ ey, Cadn + f; [tl(o) + hl(Oi[
. -0.1871 [-0.1871/-0.00996 | 0.026{16.6 16.66 |1.8 1.51 100.72 3} 7.116 [0.0065} 0.0452 L.0o8 ’
(1).2;5 - i9 7 -.2316 -.018%4 L00B | Ut 5 16.Z2 1.63 1.203 86.%8 21200 .00132 00700 .0L&7 3.81
2.50 -.214h1| -.246l) -.01277 {-.010]12.0 16.46 [1.37 1.38 62.1§ 10200 .008 00835 .0595 3.7 = 4711 ft-1b
3.75 -.26L0} -. zg6 -.01526 [-.036| 9.73| 18.52 [1.00 1,143 L6.761 5560} 01841 .01110 '0389 3.12
e o R AR LR 58| ) N | 98| i S A% BE | m_ao
PRI Il Il oL i I3 A PR I B4 Wb Ser |0 (iR o T e e
Second order of twist lteration
b
t
-9 ) cy aT,/dn dhafan, t c 9 h,(0} a8 % - ./'5
5% 2 o le |o2 || 2 |l |t fom | & | 22 . 21,9 5
3r [ R | °t ot OR % g Sg | % Sg ax 5 t ';g= op (\ c”tzc"'dn.‘ * [ Ez(o) ¥ hz(O)]
.~ o ;
0. 0.04516 1 0.0452/0.002 0.026|16.6 |-4.007 |1.8 -0.3652 | -23.16 | oo [0 -1.643 [0.0063L [-0.01042 | L4.08
1.2’;5 .01%76 .oﬁ 74 . 002 1§ 008 |14, 5 |=k.055 1.6E -.33651-15.88 121200(-.00041 .00700} -.01150 5.%1 = -1139 ft-1b
2.0 .05059| .0595( .003106 |-.010]12.0 {-3.901 .{1.37 -.2383 | -15.30 |10200-.00161 .00835) -.01372 | 3.L7
3.75 05782 .0789].003719(-.036 9.72 Loy [1.00 -.2ho7 | -10.€0 | 5560 -.oo)zgé .01116( -.2182 3.12
5.00 -07€e7| 10801 .00%91} |-.068| .98 |-h.Tlh | 765 | -.2587 1 -5.32 | 2560)-. 0062 -01519( -.02496 | 2.75 2282000 5 a9 ppein
.83 .06882) .1032(.003285(-.116] 6.35|-3.959 .62 -.1813 [ -1.86 | 1B00(-.00775 .01L50| -.02382 |=2.52 Ll v
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TABLE III.- COMPUTATIONS FOR 38; AND 53§ OF AIRPLANE B AT A MACH NUMBER OF 0.60 AT SEA LEVEL - Concluded

Third order of twist iteration

M
31 = 261.6 ft-1b

~

By procedures similar to those glven previously

H N\
3}- = 0.771 ft-1b

]

Fourth order of twist iteration

By means of equation (16)
Eﬂ = -60.08 ft-lb
Og

By means of equation (17)

:A = -0.1807 ft-1b
R

It equaticns 1l and 15 are employed and the results expressed nondimensionally

3C,

B [y + Uy + 2y + My nh)/aR 5§80 80, Aoy
38, - qse = -0.012; N, 3Cy,_ /36 =0.759

w o] R .

2y,

3Cy, 1?0 + B +H +H o+ Hh)/bﬁ c Sxﬁqae be °cq/56R
— = = «0.00660; = = 0.805
Y 4To2b, By 0 Ch,,/“n
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NACA ACR No. I5SBOl1  enEmET=EmD 3l

TABLE IV.~ COMPARISON OF EFFECT OF HORIZONTAL-TAIL
FLEXTBILITY ON TONGITUDINAL CONTROL CHARACTERISTICS
FOR AIRPJAHES A AND B AT A MACH NUMBER
" OF -0.60 AT SEA- LEVEL

Parame ter ratio Alrplene A Alrplene B

0Cm/06R

SE;é%SEE 0.79 0.76

6Cq/éatg

bcmR/ba'tR
(éGE/batR)cn
(Ben/Paty) o

3Ch/e6R_ .91 .80

bcnR/azsR

o /oa
_*}LLR_ .ol .96

°°hn/°“tn

bChzbﬁR .
&0m/20R 1.15 1.06
6chR g

ecmn/aaR

F
2 l.12 1.06

97 .98

1.22 1.30
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COMMITTEE FOR AZRONAUTICS
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